
Abstract
!

This study was designed to evaluate physiologi-
cal and psychological stress parameters in 2 pro-
fessional trained scuba divers, using a unique
physiopathologic model, offered by the guinness
240 hours scuba dive. Two scuba dive masters
have spent 240 hours at 6 –8 meters depth
(26.4 ft) in Ponza Island water (Italy). Blood sam-
ples were collected daily in the underwater bell;
samples were carried out of water in waterproof
bags. Breath samples were collected, measuring
ethylene release. Psychological assessment was
performed using the State and Trait Anxiety In-
ventory and the Zung self-rating depression
scale. In the studied subjects, cortisol and prolac-

tin showed physiological pulsatile secretion.
Breath ethylene didn’t exceed normal values. At
the start of the study, no subjects showed high
levels of state anxiety, trait anxiety and current
depression. Psychometric scales scores remained
steady during the diving period and no subjects
showed anxiety and/or depression and/or panic
symptoms during the time of observation. The
present study shows that, although the long-time
diving, well trained professional divers did not
develop anxiety and/or depression. No subject
discontinued the diving due to occurred psycho-
logical disorders or systemic events. The present
report shows that the long-term diving perma-
nence is possible, at least in well trained scuba
divers.
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Introduction
!

Recreational scuba diving exposes individuals to
environmental stresses not often encountered in
other types of activity. These stresses include in-
creased ambient pressure, raised partial pressure
of oxygen, increased resistance to movement,
added weight and drag of diving equipment, cold
stress and a higher breathing resistance [6].
Several factors responsible for the injuries and
fatalities occurring during this activity are de-
scribed; among them, anxiety and panic are re-
ported to be the main causes [13]. In this connec-
tion the ability to control anxiety in untrained
scuba divers as well as the ability to manage
stressful situations in experienced divers are
demonstrated to be the best solution to prevent
accidents [15].
At present, there are few data on the effect of
long-term diving on stress parameters in profes-
sional scuba divers. The aim of the present study
was to evaluate both physiological and psycho-
logical stress parameters in 2 professionally
trained scuba divers, using a unique physiopa-
Revelli L et al. A Guinness Diving: Psy
thologic model offered by the guinness 240 hours
scuba dive.
The 240-hour dive duration is being claimed as a
record, breaking a previous 107 hours spent
under water by a U.S. diver in Lake Michigan and
doubling the 120 hours set by Jerry Hall of Bluff
City, TN, USA, in eastern Tennessee’s Watauga
Lake, according to the Guinness world records
(www.fishspringsmarina.com).
Material and Methods
!

In September 2005, 2 scuba dive masters spent
240 hours (10 days) at a depth of 6 –8 metres
(26.4 ft) in the waters of Cala Feola, north west
of Italy’s Ponza Island (40853, 84 N 12857, 80 E),
in the central Tirrenian (Mediterranean) sea as
part of a scientific experiment into the effects of
sustained immersion on the human body.
Diving instructors S. B. (male, 37 yr) and S.M. (fe-
male, 29 yr) took part in the study. They lived on
a 18 sq m set furnished with table, chairs, sofa
and exercise machines (bikes and tapis roulant)
choendocrine Assessment … Int J Sports Med 2007; 28: 1 – 5



Fig. 1 The 18 sq m set furnished with table, chairs, sofa and exercise ma-
chines (bikes and tapis roulant) anchored to the sea floor (Ponza Island,
Italy).

Fig. 2 Scheme of the laser photoacoustic trace gas detector.
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anchored to the sea floor (l" Fig. 1). They slept under upturned
bedsteads to avoid rising upwards while they were sleeping.
They even had a special waterproof TV and books; they played
cards, crosswords and sudoku. The divers had almost 11 hours
per day of natural light, although the first 3 days of the experi-
ment were cloudy and rainy. The 18 sq m underwater set had ar-
tificial light 24 hours a day. Twenty 100 Watt searchlights were
put underwater near the 9 fixed video cameras (there were also
3 mobile video cameras). Two big 500 Watt beacons were
pointed on the underwater set from the harbour. The tempera-
ture of the sea water varied between 24 and 26 8C, lowering
during the night and with north (Tramontana) or north west
(Maestrale) wind (prevalent west winds, 8.5 knots).
Divers had availability to choose food prepared by a team of nu-
tritionists. Usually they had low fat food, with a hyperproteic
and hyperglicidic diet. They had to choose between fish and
meat, boiled vegetables and potatoes. For breakfast S. B. pre-
ferred to have coffee and apple juice and often some honey.
S.M. also preferred to have yogurt and biscuits.
Every six hours the divers entered an underwater bell where
under dry conditions, they tasted the food, defecated and
changed their suits and full-face masks. In this dry chamber,
medical doctors of the “Progetto Abissi 2005 Dive Medical
Group” carried out, every day, regular tests, including drawing
for stress hormones levels, breath tests, checks for blood pres-
sure and oxygen levels evaluated by portable saturimeter, heart
rate, skin condition and hydration, evaluated by clinical exami-
nation.
Blood samples were daily collected (8:00 am) by venipuncture in
the underwater bell. Samples, put in waterproof bags, were car-
ried out of water. Serum was immediately separated by centrifu-
gation at 1500 × g for 15 min and stored at – 20 8C until analysed.
The last day, three samples (8:00 a.m., 6:00 p.m., and 12:00 p.m.)
were collected to evaluate the physiological pulsatile cortisol se-
cretion.
Thyroid hormones (FT3, FT4, TSH), cortisol, prolactin, FSH, LH,
estradiol, progesterone, testosterone, DHEAS, and IGF-I concen-
tration were measureded by chemiluminescence’s immunoas-
say by Modular Analitics E170 (Roche Diagnostic, Mannheim,
Germany). The intra-assay and inter-assay (3 repeated measures
for each hormone) coefficient variations were less than 5%.
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Physiological stress assessment by breath test
In different physiological or pathological stress conditions, a
higher quantity of free radicals is generated in our body also in-
ducing the lipid peroxidation (LP). The LP process consists in the
cellular membrane phospholipides degradation and leads to the
release of low weight hydrocarbons such as ethane, pentane, eth-
ylene [9]. Part of the ethylene produced as a consequence of the
LP processes and transported to the lungs by the sanguine flux is
eliminated with the breath in very low concentrations (ppb).
Adopting a sufficiently sensitive method for measuring ethylene,
it is possible to determine the extension of the oxidative stress in
a very simple and rapid way by means of a breath test (BT) [9].
With this aim, an experiment for detecting any small variation
of ethylene concentration in samples of breath exhaled by scuba
divers during the prolonged dive was performed. In particular,
samples of the breath were collected from both the athletes be-
fore, during and after the dive. We followed up the evolution of
the ethylene release by using a laser based spectroscopic system
realised in ENEA Molecular Spectroscopy Laboratory.

Spectroscopy based breath analysis
The analysis of the breath samples was made by using the laser
photoacoustic spectroscopy (LPAS) in the IR region, a high reso-
lution spectroscopic method able to reveal ethylene traces in air
at atmospheric pressure at a sub-ppb level. Infrared absorption
spectroscopy is a universal method able to achieve the spectral
signature of molecules with high resolution and high sensitivity.
The LPAS photoacoustic sensor for ethylene realised in ENEA
Frascati, Italy (see the schematic view in the l" Fig. 2) makes use
of a highly stabilised 10 W c.w. CO2 laser source operating at
10.6 µm (949.48003 ×cm–1) on the 10 P14 line where ethylene
shows the strongest absorption. The operation of the apparatus
as well as the acquisition of the experimental data is realised by
a PC equipped with a GPIB interface and working in a LabView
environment. As the photoacoustic (PA) signal is proportional
with the laser power, PA spectroscopy (PAS) requires an intense
infrared laser beam (order of Watts). This absorption-based
technique employs frequency modulation, that in our case is
fixed at 550 Hz, to allow the generation of acoustic waves in a
resonant PA cell. More details on the system operation were pre-
viously reported [9].
The breath samples are collected and stored in special alumi-
nised bags (0.5 liter Quintron) in which the breath has to be ex-
haled without a previous hyperventilation. The bags are pro-
vided by a one-way valve and a mechanism for discarding the
bronchial air. For analysing the content of ethylene, the bags are
2007; 28: 1 – 5
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transported in the laboratory and the stored breath samples are
transferred from the bags into the measuring cell through a CO2

scrubber by means of a synthetic air flux regulated by high pre-
cision electronic flux meters. The LPAS apparatus we used al-
ready produced results in the field of biology and medicine about
the detection of trace ethylene both in vitro and in vivo [8,17].

Psychological assessment
The subjects were given a questionnaire containing two differ-
ent self-rating psychometric tests: one for anxiety and the other
for depression.
Anxiety was assessed by the State and Trait Anxiety Inventory
(STAI test), made up of 2 axes (y1 for state anxiety and y2 for
trait anxiety) both consisting of 20 multiple choice items in
which a rough point score of more than 40 is considered high
[18]. This test was selected both on the basis of its simplicity, va-
lidity and reliability [7] and because it was already utilised by
our group in studies aimed to evaluate anxiety levels and to dis-
tinguish “state” anxiety from “trait” anxiety in several diseases
[1 –4]. In particular, the STAI test permits a distinction between
existing anxiety and the predisposition to the anxiety reaction as
a personality characteristic, as previously described [1– 4]. This
theory is based on the conceptual distinction between anxiety
as a transitory state and anxiety as a relatively stable personality
trait. The state anxiety is conceptualised as an emotive state
characterised by subjective feelings perceived on a conscious
level as apprehension and tension, which varies with time; anxi-
ety as a trait refers to individuals with a relatively stable contin-
uous disposition towards anxiety.
In regard to the depression assessment, we used a currently val-
idated test, the Zung self-rating depression scale [10,19], made
up of 20 multiple choice items in which a rough point score of
more than 49 is considered high. The point score of this scale is
based on the frequency of depressive symptoms; minor symp-
toms which occur frequently, therefore, have a high score. This
Table 1 Hormone values of the two subjects examined at the start of the study
study at the emersion (T5)

Hormone (normal range) T0 T1

S. M. female*

FT3 (2.3 – 4.2 pg/ml) 2.97 3.45

FT4 (8.5 – 15.5 ng/l) 11.0 12.47

TSH (0.35 – 2.80 µIU/ml) 1.18 0.896

PRL (3.5 – 26.5 ng/ml) 9.79 10.11

* FSH (2.5 – 11 mUI/ml) 3.40 2.95

* LH (2.5 – 10.0 mUI/ml) 2.41 1.17

* Estradiol (30.0 – 100 pg/ml) 16.81 13.40

* Progesterone (0.3 – 0.8 ng/ml) 0.234 0.304

Testosterone (0.20 – 0.60 ng/ml) 0.176 0.242

DHEA-S (1000.0 – 3500.0 ng/ml) 1 046 1 469

IGF-1 (80 – 300 ng/ml) 172.0 153.9

S. B. male

FT3 (2.3 – 4.2 pg/ml) 4.19 4.68

FT4 (8.5 – 15.5 ng/l) 12.66 13.77

TSH (0.35 – 2.80 µIU/ml) 0.708 0.843

FSH (2.5 – 11 mUI/ml) 5.96 5.03

Estradiol (10.0 – 35.0 pg/ml) 25.71 27.24

Progesterone (0.2 – 0.4 ng/ml) 0.725 0.767

Testosterone (3.50 – 10.0 ng/ml) 7.47 8.42

DHEA-S (1000.0 – 3500.0 ng/ml) 3 394 3 071

IGF-1 (80 – 300 ng/ml) 179.6 173.3

* In female subject sexual hormones were not linked to physiological cycle phases due to c

Revelli L et al. A G
test constitutes an effective instrument in screening for depres-
sion in a clinical setting [10,11], and its positive predictive value
of a diagnosis of current depression is between 88.7% and 92.3%
[13].
The scales were administered at the start of the study, before the
diving (T0), every two days of diving (T1– T4) and at the end of
the study at the emergence (T5).
Results
!

During the 10 day scuba dive, a decrease of 1.8 kilos of body
weight was found in S.B. (before the experiment he weighted
76 kg). His blood pressure was 130 (systolic) and 80 (diastolic)
mmHg and his hearth rate was 67 pulse beat/minute (PBM) be-
fore the dive. These values remained steady during the diving pe-
riod, although a decrease of blood pressure to a value of 95 (sys-
tolic) and 60 (diastolic) mmHg was found on the evening of the
seventh day. The subject had to be put on a drip in the bell since
he showed clinical symptoms of collapse. He recovered in a short
time being able to continue the experiment. After the dive, val-
ues of 130 (systolic), 70 (diastolic) and 70 PBM were detected.
A decrease of 3.8 kilos body weight was found in S.M. (before the
experiment she weighted 62 kg). Her blood pressure was 105
(systolic) and 70 (diastolic) mmHg and her hearth rate was 72
PBM before the dive. These values remained steady during the
diving period, although a slight increase of blood pressure to a
value of 125 (systolic) and 80 (diastolic) mmHg was found at
the morning of the third day, without clinical symptoms. After
the dive, values of 115 (systolic), 80 (diastolic) and 78 PBM were
detected.
In both divers, the oxygen level was always between 96 to 99%.
In both divers, the skin appeared in good conditions. Body tem-
perature, taken in the bell, the third day underwater was 36.0
(S. B.) and 36.2 8C (S. M.); their usual body temperature is 0.5 8
, before the dive (T0), every two days of diving (T1 – T4) and at the end of the

T2 T3 T4 T5

2.86 3.18 3.12 3.12

11.54 11.45 12.26 12.20

0.419 0.970 1.39 1.18

6.11 14.47 25.20 16.39

2.30 2.01 1.89 2.33

0.350 0.605 0.853 2.23

16.11 16.32 18.39 17.38

0.196 0.247 0.317 0.245

0.165 0.188 0.252 0.224

1 072 1 160 1 243 1 147

209.7 177.9 152.5 164.2

4.03 3.95 4.64 4.52

12.86 12.63 14.78 14.76

0.574 0.570 1.81 1.36

3.93 4.27 4.47 2.97

27.30 23.65 32.64 24.15

0.700 0.820 0.676 0.549

7.18 6.88 6.89 7.55

2 527 3 176 2 838 2 174

179.4 193.2 173.7 176.4

oncomitant estroprogestinic therapy
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Fig. 5 Ethylene exhaled by subject S. M. (29 years old, female) in the in-
dicated days: September 7, 2005 (before dive), September 12, 2005 (dur-
ing dive) and September 17, 2005 (after dive).

Fig. 3 Square points show male (white) and female (black) subject corti-
sol concentration at 8:00 am, as function of time from first (day “zero”) to
sixth day. Triangle points show male (white) and female (black) subject
cortisol concentration at seventh day, as function of cortisol circadian
rhythm (8:00 a.m., 4:00 p.m., and 12:00 p.m.).

Fig. 4 Ethylene exhaled by the subject S. B. (37 years old, male) in the in-
dicated days: September 7, 2005 (before dive), September 12, 2005 (dur-
ing dive) and September 17, 2005 (after dive).
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higher. Despite the constant medical attention, the divers are re-
ported to have found it difficult to avoid getting cold, fatigued
and dehydrated.
In the studied subjects, cortisol (l" Fig. 3) and prolactin showed
physiological pulsatile secretion; thyroid hormones, testoster-
one, DHEAS, sexual hormones and IGF-I did not show significant
inter-days differences in respect to physiological fluctuation in
controls subjects (l" Table 1). In the female subject, sexual hor-
mones were not linked to physiological cycle phases due to con-
comitant estroprogestinic therapy.
With regards to the breath test analysis, the results about the ex-
haled ethylene measurements are reported in l" Figs. 4 and 5.
Although this parameter was slightly increased during the dive
period, the detected absolute values did not exceed in any case
the normal values showed by healthy subjects (around 1 ppb.)
without physiological stress condition.
In l" Table 2 the scores of the psychometric scales at each time
considered are reported. At the start of the study, no subjects
showed high levels of state anxiety, trait anxiety and current de-
pression. The score of the psychometric scales remained steady
during the diving period and no subjects showed anxiety and/or
Table 2 State and trait anxiety and depression scores of the two subjects examin
T4) and at the end of the study at the emersion (T5)

Subject Test T0 T1

S. M. STAI y1 32 33

STAI y2 33 27

ZUNG 26 22

S. B. STAI y1 29 27

STAI y2 31 29

ZUNG 24 30

STAI y1: State Anxiety Inventory Scale score; STAI y2: Trait Anxiety Inventory Scale score; ZU

Revelli L et al. A Guinness Diving: Psychoendocrine Assessment … Int J Sports Med
depression during the time of observation. No subjects showed
panic symptoms.
Discussion
!

The present study shows that a 240 hour scuba dive does not af-
fect stress parameters, including hormone levels and the cortisol
physiological pulsatile secretion. Our data are in line with the re-
cent study by Loder et al. [12] performed on four men which es-
tablished a new Guinness score by staying submersed in thermo-
neutral water for 41 hours. In these subjects, hormone levels
were evaluated. Contrarily to that expected, no alterations in cir-
culating hormones including circadian cortisol rhythm were
found. According to our and Loder et al. data [12], prolonged
water submersion does not seem to be a potent stressor, at least
in well trained subjects. This observation is also supported by the
normal exhaled ethylene values in our divers during the dive pe-
riod, comparable to those showed in absence of stress condition.
ed at the start of the study, before the dive (T0), every two days of diving (T1 –

T2 T3 T4 T5

27 27 27 28

28 26 26 26

23 22 22 22

27 28 28 27

29 29 29 31

28 28 28 28

NG: Zung Self-Rating Depression Scale score
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Moreover, in our well trained scuba divers, the altered plasma
cortisol described after scuba diving in recreational divers [5]
did not appear. It could be related to the well training of our sub-
jects and consequently to their high physical fitness. According
to this hypothesis, an hyperbaric study showed that hormonal
responses exhibit a very individual pattern after hyperbaric ex-
posure and lower levels of physical fitness determine more pro-
nounced hormonal responses [14].
In the subjects examined, no anxiety and/or current depression
were found during the experiment. Most of the injuries in scuba
divers are due to inappropriate behaviour under stressful diving
conditions, mainly involving panic reactions related to high lev-
els of anxiety. It is reported that divers with anxiety and poor
coping show a higher risk to develop panic reactions than those
possessing more adequate stress-coping-mechanisms [5]. In this
connection, it is estimated that 3 to 9 deaths per 100 000 divers
occur annually in the US, in addition to increasing numbers of
cases of decompression illness each year [15]. The main reason
for decompression illness and fatalities in divers is rapid ascent,
and it appears that the primary stimulus for rapid ascent is panic
[15].
The present study shows that, although the long-time diving, the
well trained professional divers did not develop state anxiety
and/or current depression and no subject discontinued the div-
ing due to occurred psychological disorders or systemic events.
It should be underlined that our subjects showed no trait anxiety,
suggesting that the evaluation of trait anxiety could be effective
in predicting panic risk in scuba diving. Our finding is in line
with a recent study performed in students undergoing scuba
training [16].
In conclusion, the present report shows that long-term diving
permanence is possible, at least in well trained scuba-divers
without physical and psychological disorders, even if exposed
to extreme conditions.
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